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Specification 

1 . Name of Invention 

Semiconductor memory device 

2. Patent Claims 

1 . A semiconductor memory device that includes a memory array wherein non-volatile memory 
elements wherein the threshold voltages change depending on the information that is written 
electrically are laid out in the form of a matrix, and equipped with an auto verify function 
wherein not only is a writing interval set in the internal circuitry by the inputting of a specific 
control signal, but, after the writing, the mode switches automatically to a read out mode. 



2. A semiconductor memory device according to claim 1 , wherein the read out operation of the 
aforementioned auto verify mode uses an internal comparator circuit to compare write data 
stored in a latch circuit equipped internally to data that is read out by the read out mode, and 
outputs the comparison results. 

3. A semiconductor memory device according to claim 1 or claim 2, wherein the aforementioned 
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non-volatile memory elements comprise an EPROM. 



3. Detailed Explanation of the Invention 

(Area of Use in Industry) 

The present invention pertains to semiconductor memory devices, and to effective technologies 
used in, for example, EPROM's (erasable and programmable read-only memories). 



Operations for writing to EPROM's do so by specifying the address, inputting the write data, going 
into a write mode based on a control signal, and then writing to the memory cell. When these write 
operations are completed, then a control signal switches the mode into a verify (read out) mode, the 
memory of the address written to, above, is read out, and in the writing device (the EPROM writ r) 
the aforementioned write data and the data that has been read out is compared in order to confirm 
the write operation. This type of EPROM is found in, for example, pages 743 to 839 of the "Hitachi 
IC Memory Databook," published in August of 1988 by Hitachi Corporation. 

(Problem Solved by the Present Invention) 

In conventional EPROM's, the operating mode is specified by a control signal, as described above. 
For this reason, when the EPROM is built into a microcomputer system (is in the M on-board state 1 ') 
and is written to by, for example, the microprocessor, the microprocessor, or the like, itself must 
continuously generate the aforementioned control signal over the relatively long period of time 
required for the writing. Consequently, during this interval, the microprocessor, or the like, will be 
essentially incapable of performing [other operations], resulting in a problem in that the system 
throughput becomes extremely poor. 

The object of the present invention is to provide a semiconductor memory device wherein the 
setting of the verify mode is done automatically after writing. 

The objects and novel features of the present invention, both those stated above and others, will 
become apparent from the detailed description of the present invention and from the attached 
drawings. 

(Means by Which the Problem Is Solved) 

A simple explanation of a representative summary of the inventions disclosed in this application is 
given below. In other words, not only is the time for writing to the memory array, comprising 
non-volatile memory elements with threshold values that change depending on the data that is 
written electrically, laid out in the form of a matrix, set according to the time signal that is formed in 
an internal circuit, but also the operating mode switches automatically to the verify mode after the 
writing has been completed. 



Given the means described above, the memory itself controls the right time using an internal circuit, 
and switches automatically to the verify mode aft r the write operations have been completed, so 
the control of the write operations accompanying the write verifications becomes simple. 



(Prior Art) 



(Operation) 
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(Example Embodiments) 

Fig. 1 shows a block diagram of an example embodiment of an EPROM wherein the present 
invention is used. Each circuit block in the figure is formed on a single semiconductor wafer, such 
as single-crystal silicon, using a well-known semiconductor integrated circuit manufacturing 
technology. 

In the memory MARY in the figure, non-volatile memory elements with a stacked gate structure, 
having a control gate and a floating gate, are laid out at the intersections between word lines and 
data lines, in the same way as in well-known EPROM's, where the word lines are connected to the 
control gates of the aforementioned memory elements, the data lines are connected to the drains, 
and the circuit ground points are connected to the sources. In the figure, the aforementioned 
memory array MARY and the I/O circuit associated therewith only show a single bit's worth. Given 
this, when reading out multiple bit units, such as eight bits, as the entire EPROM, there will be 
multiple sets of memory arrays MARY and I/O circuits, such as shown in the figure, for example, 
eight sets thereof. 

An address buffer ADB receives an address signal supplied from an external terminal, and creates 
an internal address signal. Although there are no particular constraints on [how this is done], in the 
present embodiment, said internal address signal is stored temporarily in an address latch circuit 
ADL for, for example, the auto verify mode, which will be explained below. 

In the aforementioned internal address signal, the X system (row system) address signal is 
supplied to the row decoder circuit LDC, where it is decoded. The row decoder circuit LDC analyzes 
the aforementioned address signal, and selects a single word line of the memory array MARY. Of 
the aforementioned interval address signals, the Y system (column system) address signals are 
supplied to the column decoder circuit CDC, where they are decoded. The column decoder circuit 
CDC analyzes the aforementioned address signals and produces the data line selection signal. 
The column selection data circuit CSG comprises switch MOSFETs wherein the switches are 
controlled by the aforementioned data line control signal, where the one selected data line is 
connected to the common data line. In the write operations for the aforementioned memory 
elements, it is necessary to supply a relatively high voltage to the drain and control gate. Because 
of this, the aforementioned decoder circuits LCD and CDC receive the decoder output at the 
relatively low level of 5 volts, and have a level conversion function that converts to the high level of 
approximately 12 volts for performing the write operation. 

Note that, as will be described below, when there is a page program function that writes n bytes 
simultaneously, the aforementioned column selection gate circuit CSG uses a structure wherein 
multiple data lines are connected to multiple common data lines. Furthermore, the aforementioned 
multiple common data lines are equipped with data latch circuits, and after the write data has been 
accepted serially into the respective [latches], the write signals are sent in parallel to the multiple 
data lines through the aforementioned column select gate circuits CSG. In this type of address 
structure, the aforementioned column decoder circuit CDC is divided into first and second column 
decoder circuits, where the aforementioned column select gate circuit CSG selection signal is 
formed by the first column decoder circuit, and, in the write operation, the aforementioned multiple 
data latch circuit selection signals are formed by the second column decoder circuit, and in the 
readout operation, the readout gate circuit selection signal, which selects one of the multiple shared 
data lines, is produced [by the second column decoder circuit]. 
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The aforementioned shared data lines are equipped with data latch circuits DL. When these data 
latch circuits DL are not used for the page program mode, described above, but used only for the 
auto verify mode, they are equipped for the write data memory. Because of this, when the page 
program function, as described above, is not provided, these are formed from a single data latch 
circuit, but when the aforementioned page program mode is added, these are formed from multiple 
data latch circuits. 

A data input buffer DIB is used for inputting the write data supplied from the external terminal I/O 
and for inputting the command data at the time of the auto verify mode, described below. Because 
of this, the data input buffer DIB output signal is supplied not only to the aforementioned data latch 
circuit DL, but also to the auto verify control circuit AVCNT. 

The write data Di which is the output signal from the aforementioned data latch circuit DL, and the 
output signal Do from a sense amp SA, which is the readout signal in the auto verify mode, are 
supplied to a data comparator circuit EOR. This data comparator circuit EOR is structured from 
match/non-match circuits, such as exclusive logical OR circuits, where the aforementioned write 
data and readout data are compared, and a match/non-match signal is produced. In other words, 
the data comparator circuit EOR makes a matching/non-matching determination by comparing the 
aforementioned data when the auto verify mode is in effect. 

A ring oscillator RO produces a reference time signal, producing a sequential operation timing 
signal for, for example, setting the write interval and transitioning from the write operation into the 
verification mode. A frequency divider counter circuit PCTR divides the frequency of the reference 
pulses generated by the aforementioned ring oscillator RO, generates unit write pulses at the write 
intervals according to the write conditions that have been set, and produces, for example, the verify 
pulse that switches the internal circuit into the verification mode. An output counter circuit CCTR 
counts the aforementioned write pulses, and is used to set the actual write interval. 

A control circuit CONT receives the high voltage Vpp for writing, the chip enable signal {CE} and the 
output enable signal {OE}, and produces the various control signals and timing signals required for 
the internal operations. 

While there are no particular constraints [on how this is done], in this example embodiment, the 
terminal {CE} is equipped with a high voltage detector function, and three levels of input signals, 
including the high voltage level, are supplied from the terminal {CE}. The high voltage from this 
terminal {CE} is used to set the auto verification mode. Figures 2A to 2C show timing diagrams for 
explaining the auto verification mode in the aforementioned EPROM. 

With the high voltage Vpp at a high voltage of approximately 12 volts and the chip enable signal 
{CE} at the high voltage, the control circuit CONT identifies the auto verification mode when the 
output enable signal {OE} is dropped to the low level. This causes the auto verification command 
acceptance signal ACD to be asserted to the high level, a command is inputted from the I/O 
terminal I/O, and [the command] is accepted into the command latch, as explained next. 

Figure 3 shows a circuit diagram of one example embodiment of the aforementioned command 



The command latch circuit comprises eight latch circuits FFO to FF7 corresponding to the 
command data DO to D7, comprising eight bits supplied from the eight I/O terminals I/O, as 
described above. In the figure, the specific circuit for the latch circuit FF7, which produces the auto 



latch circuit. 
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verification signals AP and {AP}, is shown as a representative example, where the other latch 
circuits FFO to FF4 and the like, which have the same structure, are represented by black boxes, 
using dotted lines. 

The aforementioned latch circuit FF7 comprises an input clocked inverter circuit CNI that inputs the 
aforementioned data E7, a data storage (loop) clocked inverter circuit CN2, and a NAND gate 
circuit G1 connected on one of its outputs to the input and output of the aforementioned clocked 
inverter circuit CN2, where the output part is connected in series with the inverter circuits N1 and 
N2, and outputs the aforementioned signals AP and {AP}. The aforementioned clocked inverter 
circuits CN1 and CN2 are operated in a complimentary state to each other by the auto verification 
command acceptance signals ACD and {ACD} generated when the aforementioned auto 
verification mode is set. In other words, when the signal ACD is at the high level (a logical T), the 
input clocked inverter circuit CN1 goes to an operating state, and the loop clocked inverter circuit 
CN2 goes to a high-impedance output non-operating state. Furthermore, when the aforementioned 
acceptance signal ACD transitions from the high level to the low level (a logical "0"), the input 
clocked inverter circuit CM1 goes to a high impedance non-operating state, and the opposite signal 
{ACD} goes to a high level, the loop clocked inverter circuit CN2 is set to the operating state by the 
auto verification command acceptance signals ACD and {ACD} that are generated when the 
aforementioned auto verification mode is set. In other words, when the signal ACD is high (logical 
"1"), the input clocked inverter circuit CN1 goes to an operating state, and the loop clocked inverter 
circuit CN2 goes to a high-impedance output non-operating state. Furthermore, when the 
aforementioned acceptance signal ACD goes from a high level to a low level (logical M 0), the input 
clocked inverter circuit CN1 goes to a high-impedance output non-operating state, and the opposite 
signal {ACD} goes to a high level, and the loop clocked inverter circuit CN2 goes to an operating 
state to perform the maintenance operation for the command data D7 which is at a logical M 0" at the 
time of the auto verification mode. Note that the NOR gate circuit G1 is supplied with the signal VP, 
which is at a high level when the voltage Vpp is at the high voltage level for writing, and thus in order 
to set the aforementioned auto verification mode, the aforementioned voltage Vpp must be at the 
high voltage. Consequently, when not in a write operation, where the aforementioned high voltage 
Vpp goes to 5V or 0V, the signal VP is at a low level, so the latch circuit FF7 goes to a reset state. 

The remaining command data D4 and D3 is used in order to set the unit write interval. In other 
words, the 2-bit signals D3 and D4, which are held in the latch circuits FF3 and FF4, are inputted 
into the decoder circuit comprising a NAND gate circuit and an inverter circuit in order to set the unit 
write pulse time to one of the four options T100. T025, T050, and T200. 

The remaining command data D2 to DO are used in order to set the number of unit write cycles. In 
other words, the aforementioned 3-bit signal DO to D2, which is stored by the latch circuits FFO to 
FF2, are inputted into a decoder circuit comprising a NOR gate, to set the maximum number of 
write cycles in, essentially, one of five ways, such as between N01 and N15. 

Of the remaining two bits of command data, D6 of [SIC -- "and"?] D5, not shown, one bit is used as 
the signal that allows the output of the internal operating state, described below. 

Figure 6 shows a circuit diagram of an example embodiment of a high voltage detector circuit that is 
used in setting the aforementioned auto verification mode. 

The terminal {CE} is connected to the input terminal of the input buffer IB on one side, where the 
internal signal ce is produced through the input buffer. 
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The aforementioned terminal {CE} t on the other side, is connected to an input terminal for a high 
voltage detector circuit, as described below, to enable three-value inputs. In other words, the level 
of the voltage signal supplied from the aforementioned terminal {CE} is shifted through the 
diode-type MOSFETs Q10 and Q1 1 to the operating voltage of the CMOS inverter circuit, which 
comprises a P-channel MOSFET Q12 and an N-channel MOSFET Q13. Although there are no 
particular constraints, a constant power supply voltage Vcc is supplied to the gates of the 
MOSFETs Q12 and Q13 that comprise the aforementioned CMOS inverter circuit. The 
aforementioned N-channel MOSFET Q13 conductance is set to be relatively small. Because of this, 
when the terminal {CE} is at a relatively low level, such as the power supply voltage DCC, the 
output signal HCE goes to the low level, such as the ground level of the circuit, in accordance with, 
for example, the P-channel MOSFET Q12 going to an OFF state. In contrast, when a specific high 
voltage, higher than the power supply voltage VCC, is applied to the aforementioned terminal {CE}, 
the operating voltage of the MOSFETs Q10 and Q1 1, and through said MOSFETs Q10 and Q11 
rising above the threshold voltage, causing the P-channel MOSFET Q12 to turn on, where the 
output signal HCE goes to the high level according to the conductance ratio between that total 
conductance and the conductance of the N-channel MOSFET Q1 3 which goes into an ON state 
because of the power supply voltage supplied to the aforementioned gate. This signal HCE is 
supplied to the gates of the MOSFETs Q14 and Q16, which are the inputs on one side of the NAND 
gate circuit comprising the P-channel MOSFETs Q14 and Q15, and the N-channel MOSFETs Q16 
and Q17. The control signal Vp, which indicates that the high voltage for writing is applied to the 
high voltage Vpp, as described above, is supplied to the gates of the MOSFETs Q15 and Q17, 
which are the other inputs of the aforementioned NAND gate circuits. Doing so enables the output 
signal of the high voltage detector circuit corresponding to the aforementioned terminal {CE} when 
writing is enabled with the high voltage Vpp supplied. 

This high voltage detection circuit is equipped with a specific address terminal A1, shown by the arc 
in the figure, along with the control signal terminals described above, where a three-level input as 
an address signal may be performed, used in setting the various modes. 

In Figure 2A, when the page program mode is set in order to reduce the write time, in addition to the 
auto verification mode such as described above, the write data is inputted serially as described next. 
When the aforementioned page program mode is set, the aforementioned remaining one bit of 
command data is used, or the setting is by a combination of the aforementioned terminals {CE} and 
{OE}. 

As described above, when the page program mode is set, not only is the address signal supplied 
from the address terminal with the low level of the output enable signal {OE} as the clock, but also 
the write data D1 to D4 are supplied serially from the I/O terminal I/O. In other words, the page 
program data latch control signal PDLC is generated synchronized with the low level of the 
aforementioned signal {OE}, and the data latch signals DL1 through DL4 are generated according 
to the aforementioned address signals Aj based thereon. That is to say, by the data latch signals 
DL1 through DL4 being generated according to the addresses A1 to A4, which are specified by, for 
example, the lower two bit address signals Aj (L) with the upper bit address signals Ai (H) at a 
constant address signal, specifies the data latch circuits, and the write data D1 to D4 are accepted 
serially into the data latch circuits. 

Figure 5 shows a circuit diagram of an example embodiment of a write amp WB and the data latch 
circuits DF1 through DF4 used in the aforementioned page program mode, and the aforementioned 
data input buffer DIB. 
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On one side, the 1 -bit external terminal I/O is connected to one of the inputs of the NOR gate circuit 
G4 that structures the data input buffer DIB. The input on the other side of this NOR gate circuit G4 
is supplied with a control signal {DIC}. Because of this, when the control signal {DIC} is at a low 
level (logical "0"), the operation of the data input buffer DIB made from the aforementioned NOR 
gate signal G4 is enabled, and the output signal thereof is applied through the inverter circuit N4 to 
all of the input terminals of the next data latch circuits DF1 through DF4. The aforementioned 
external terminals I/O are connected, on the other side, to the output terminals of the data output 
buffer DOB. 

The aforementioned various data latch circuits DF1 through DF4 are equipped corresponding to 
the respective partitioned data blocks. The data latch circuit DF1, corresponding to one memory 
block, comprises an input clocked inverter circuit CN3, and a NAND gate circuit G2 with its output 
"connected to the input of a data storage (looop) clocked inverter circuit CN4 and the input of the 
aforementioned clocked inverter circuit CN3 with one of [the inputs of the NAISID gate circuit G2] 
connected to the output thereof, with the output part [of the data latch circuit DF1?] equipped with 
the output circuit made from the NOR gate circuit G3. 

The aforementioned clocked inverter circuit CN3 and CN4 are put into complimentary operating 
states by the data latch signal DL1 that is generated as a time series according to the 
aforementioned address signal Aj when in the page program mode. In other words, when the data 
latch signal DL1 is high, the input clocked inverter circuit CN3 goes to an operating state, and the 
loop clocked inverter circuit CN4 goes to a high impedance output non-operating state. 
Furthermore, when the data latch signal DL1 goes to a low level from the high level, the input 
clocked inverter circuit CN3 goes to a high-impedance output non-operating state, and the loop 
clocked inverter circuit CN4 goes to an operating state, performing the operation of storing the data 
that has been accepted. The data latch circuits DF2 to DF4, corresponding to the other memory 
blocks, are structured from the same circuits as described above. However, the data latch signals 
DL2 to DL4 are used as the control signals thereof. 

The other inputs of the NAND gate circuits G2, etc., that structure the aforementioned latch circuits 
DF1 through DF4 are supplied with the data latch reset signal {DLRS}. In other words, when this 
signal {DLRS} goes to the low level, the outputs of the NAND gate circuits G2, etc., go to a high 
level regardless of the stored data, and the latch circuits DF1 to DF4 are all resetted. 

The other inputs of the NOR gate circuits G3, etc., which are equipped at the output parts of each 
latch circuit DF1 to DF4, are supplied with the data write control signals {DW}1 through {DW}4 that 
are produced when in normal program mode. Yet other inputs of the aforementioned NOR gate 
circuits G3, etc., are supplied with the write enable signal {WE}. Consequently, the NOR gate 
circuits G3, etc., equipped at the output parts of each of the latch circuits DF1 to DF4 are, 
essentially, put into an operating mode when the write mode is entered with the write enable signal 
{WE} going to the low level. 

At this time, if the page program mode is in effect, the data that is stored in the latch circuits DF1 
through DF4 is sent to the corresponding data lines through the write amps WB because the 
aforementioned signals {DW}1 through {DW}4 are all at the low level, and batch writing (page 
programming) is performed in 4-bit (or 4-byte for the EPROM as a whole) units. Furthermore, if the 
normal program mode is in effect, the aforementioned signals DL1 to DL4 are all put to the high 
level so the write data passes directly through each of the latch parts, and only the NOR gate 
circuit corresponding to the one data write control line {DW}1 , which is put to the low level according 
to the address instruction data, is open, so the write data is transmitted to the corresponding data 
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line through the write amp WA, and the normal write is performed in single-bit (or, for the EPROM 
as a whole, single-byte) units. 

Although there are no particular constraints, the write amp WB is structured from the following 
circuits. The output signal from the data latch circuit, outputted from the aforementioned NOR gate 
circuit G3, etc., is supplied to the input inverter circuit N3. The output signal from this inverter circuit 
N3, etc., is sent to the input of an output amp that generates the switch control signals YW1 to YW4 
that send the high level write signal through a depression-type MOSFET Q1, etc., which is always 
supplied at its gate with the power supply voltage Vcc. The output amp has a level conversion 
function that converts the signal amplitude of the relatively low level such as the power supply 
voltage Vcc to the signal amplitude with the high level such as the high voltage Vpp. These switch 
control signals YW1 , etc., are used as the write MOSFET switch control signals that are sent to the 
common data lines corresponding thereto. 

For example, if the output signal from the data latch circuit DF1 is high, the output signal from the 
input inverter circuit N3 will be low, and a high level output signal such as the high voltage Vpp will 
be produced through the output amp. This will cause a high level write signal to be supplied to the 
corresponding data line. In contrast, if the output signal from the aforementioned latch circuit DF1 is 
at a low level, the output signal from the input inverter circuit will be at a high level, and so the 
depression-type MOSFET Q1, etc., will be in an OFF state. This will cause the input signal of the 
output amp to go to the high voltage Vpp level, producing an output signal at a low level such as the 
ground level for the circuit. 

In Figure 2A, putting the terminal {CE} to a low level turns on the auto program mode, and the first 
write operation is performed. 

In other words, given the low level of the {CE}, the operation of the ring oscillator RO is enabled, 
and the clock pulse CLK is generated. The frequency divider counter circuit PCTR receives the 
aforementioned clock pulse CLK, and produces the counter outputs TP1 to TP4, comprising, for 
example, four bits, which are sent to the control circuit CONT. The control circuit CONT generates 
the auto verification write signal {AWE} from the aforementioned counter outputs TP1 to TP4, and 
the write time signal that is set by the aforementioned command latch circuit. In the present 
example embodiment, an example is shown wherein the time with a duration of eight clock cycles 
of the clock pulse CLK is set as the write time. The internal write enable signal {WE} is also put to a 
low level corresponding to the aforementioned signal {AWE}. 

This performs the auto program N1 wherein the aforementioned accepted data D1 to D4 are written 
simultaneously. 

A read operation is provided wherein the voltage of the data line that had been set to the high 
voltage is sampled at a high speed through a write data line voltage sampling pulse Vpp when the 
aforementioned write time elapses. Furthermore, after the aforementioned voltage sampling, the 
auto verification read signal {AVR} is asserted at a low level. 

This auto verification read signal {AVR} is inputted into the counter circuit to generate the auto 
verification address signals AVAO and AVA1, comprising the two bits corresponding to the address 
signals Aj of the lower two bits of the aforementioned page program mode. The auto verification 
comparison data acceptance clock AVER is produced from the aforementioned auto verification 
read signal {AVR} and the aforementioned clock pulse CLK. Furthermore, the aforem ntioned 
address signals AVAO and AVA1 are decoded by the decoder circuits, not shown, generating the 
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data latch select signals DRF1 to DRF4, as a time series, synchronized with the aforementioned 
clock AVER. This selects the data D1 to D4 stored in the data latch circuit. 

The sense amp activation pulse {SAC} is produced synchronized with the aforementioned auto 
verification read signal {AVR} ( and one bit of the four-bit readout signal specified by the address 
signal Ai stored in the aforementioned address latch circuit ADL is specified by the decoder output 
of the aforementioned address signals AVAO and AVA1, and is inputted not only to the outputs D1 
to D4 from the aforementioned data latch circuit, but also inputted into the data comparison circuit 
EOR. If it is a match, or in other words, if the write operation has been confirmed, the data 
comparator circuit EOR puts the auto verification pass signal {AVPS} low. The case of a non-match 
is shown in Figure 2A. In Figure 2A, when the signal {OE} is put to the low level with an appropriate 
timing, the internal status SC during that interval is outputted to the terminal I/O. This internal status 
SC outputs the details of, for example, the commands and operating sequences that have been s t, 
as described above. This makes it possible for the microprocessor MPU, described below, to 
readout the operating status of the EPROM with an appropriate timing. 

As described above, if the auto verification pass signal {AVPS} is at the high level, then, as shown 
in Figure 2B, the second N2 write operation is performed. 

In Figure 2B, after the aforementioned auto verification, then again the auto verification write 
enable signal {AWE} ({WE}) is put low, and, in the same manner as in the aforementioned Figure 
2A, the write operation is performed over the time period that is specified by the command data D3 
and D4, and with the completion of the write operation, the voltage of the data line that had been at 
the high level is prepared for the read operation by sampling at a high speed, using the write data 
line voltage sampling pulse Vpp. After the aforementioned voltage sampling, again the auto 
verification read signal {AVR} is asserted to a low level, and the auto verification mode is executed 
in the same way as described above. 

When the aforementioned pass signal {AVPS} is asserted to the low level by this auto verification 
mode, the writing to the memory cell is checked, and thus [the operations] move forward to transfer 
to the over program mode, such as shown in Figure 2C. 

The over program mode (the overwrite mode) in this example embodiment writes using the same 
duration of time interval as required for the write operation described above. Because of this, when 
verifying the write the second time, as described above, overwrite programs N1 and N2, for two 
cycles worth, are performed. The completion of these over program operations cause the 
outputting of the auto program end signal APE, and the unit auto verification mode is terminated. 
The output enable signal {OE} goes to a low level synchronized with the end of the auto verification 
mode, as described above, and when the internal status is read out, the status information that is 
outputted with the end timing described above changes, for example, from SC to SC. 

Note that the maximum number of write cycles specified by the aforementioned command data DO 
to D2 is limited, and until the aforementioned auto verification pass signal {AVPS} is outputted, the 
unit write operations and verification operations, as described above, will be repeated. Furthermore, 
when the write verifications are performed, overwriting is performed corresponding to the unit 
writing for that number of cycles. When the number of writing cycles counted by a counter circuit 
CCTR exceeds the number of write cycles set, as described above, the control circuit CONT will 
determine that writing has been disabled, and will output through the data output buffer DOB a 
memory end signal ME including notification of said decision. This signal ME is outputted also to 
indicate the case in which the normal writing, such as described above, has been complet d. Note 
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that even when the aforementioned internal status SC has been outputted, it is outputted through 
the data output buffer DOB from the aforementioned control circuit CONT. Because of this, a 
multiplexer circuit is provided at the input part of the data output buffer DOB, where, depending on 
the operating mode thereof, the readout signal from the sense amp SA, the output of the 
aforementioned internal status, the auto verify complete signal, or the like, can be outputted 
selectively. 

Figure 4 shows a schematic block diagram of an example embodiment of a microcomputer system 
wherein an EPROM according to the example embodiment described above is installed. 

With the microprocessor MPU as the core, a RAM (random access memory), ROM (read-only 
memory) and EPROM are connected through a bus BUS. Said bus BUS comprises an address bus 
that carries address signals produced by the microprocessor MPU, a data bus for providing data 
between the various devices, and a control bus for providing the various control signals. The 
EPROM in this example embodiment is provided with an auto verify function such as described 
above, and has a memory area not yet written to. 

For example, when the microcomputer system is made from a board structure, the microprocessor 
MPU, the RAM, the ROM, and the EPROM are each mounted on a mounting board such as a 
printed board. Because of this, the power supply circuit that generates the high voltage Vpp for 
writing is mounted on the mounting board on which the EPROM is mounted. A circuit that 
generates the high voltage of approximately 12 volts from the relatively low power supply voltage 
such as 5 volts using, for example, a charge pump circuit, should be used as this power supply 
circuit. Furthermore, although there are no particular constraints when it comes to the mounting 
board for the aforementioned EPROM, write control circuits are provided. These write control 
circuits produce the control signals {CE} and {OE} for setting the auto verification, as described 
above, when there is an instruction from the microprocessor MPU for the write operation. At this 
time, when the microprocessor MPU performs writing to continuous addresses of the ERPOM, it 
specifies the page program mode in order to shorten the writing. Because of this, the 
aforementioned write control circuit also sets the page program mode accordingly. 

In addition, of the address signals supplied by the microprocessor MPU, the top address signal Al is 
stored in a latch circuit, such as described above, while, at the same time, four bytes of data are 
inputted serially, depending on the lower address signals. This type of data input, when viewed 
from the microprocessor MPU, operates in the same way as writing to a RAM. Because the write 
control signal maintains the low level of the aforementioned chip enable signal {CE} after inputting 
data, as described above, the auto verify mode is performed by the EPROM as described above. 
Because of this, the microprocessor MPU is able to perform operations in order to process other 
data by accessing the RAM and ROM during the interval [in which the EPROM writing is taking 
place]. For example, the auto program end signal APE is generated within the EPROM, as 
described above, so when the unit auto verification mode has been completed, an interrupt, or th 
like, is asserted to the microprocessor MPU, to promote access to the EPROM and to provide 
notification that the writing has been completed or that the writing failed. Doing this makes it 
possible to improve the system throughput tremendously. Furthermore, a buffer memory made 
from, for example, RAM may be provided on the EPROM mounting board and this may be used for 
storing a succession of data from the microprocessor MPU to be written sequentially to the 



EPROM. 
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As described above, when the EPROM is in the auto verification mode, the microprocessor MPU 
puts the output enable signal {OE} to the low level, thereby making it possible to readout the 
internal operating state of the EPROM at any time. 

In an EPROM with an added auto verification functions such as in this example embodiment, it is 
easy to write from the microprocessor MPU, as described above. Because of this, when compared 
to a conventional EPROM wherein writing is done with an EPROM writer prior to installation in the 
system, this enables a broad range of applications. For example, it becomes easy to take 
advantage of the non-volatile data, which is a distinctive feature of EPROMs, to store data in a 
non-volatile state after processing by the microprocessor MPU. 

Figure 7 shows a timing diagram for another example embodiment of the present invention. In this 
example embodiment, the auto verification mode settings are performed by the timing of the chip 
enable signal {CE} and the output enable signal {OE}. In other words, the control circuit CONT 
shown in Figure 1 senses the auto verification mode by the chip enable signal {CE} changing from 
the high level to the low level, and then changing back to the high level while the output enable 
signal {OE} is held at the low level, as shown in Figure 7. When this is recognized, the control circuit 
CONT sets data indicating the auto verification mode into the latch circuit FF7, for example, as 
shown in Figure 3, starting the auto verification mode. Furthermore, in this example embodiment, in 
order to make it possible to tell from the outside that the auto verification mode has been set, the 
data {Dout} is outputted to the data I/O terminal I/O. This data {Dout} is data related to the data Dout 
that is the data for the memory cell that is outputted from the output buffer DOB by changing the 
output enable signal {OE} from the high level to the low level while holding the chip enable signal 
{CE} at the high level, or in other words, the data that is read out by the verification mode, in other 
words, when the auto verification mode is set, the data Dout that is read out by this verification 
mode is inverted by the output buffer DOB, and is again outputted as the data {Dout} from the 
output buffer DOB. 

According to the present example embodiment, there is no need to apply, from the outside of th 
EPROM, a command to specify the auto verification mode, thus preventing this mode from being 
set by accident. 

The effects obtained through the example embodiments described above are as follows: 

(1 ) Not only is the write time for the memory, which is formed by laying out, in the form of a matrix, 
non-volatile memory elements where in the threshold voltages change according to the data 
that is written electrically, set according to a time signal that is produced by an internal circuit, 
but also when the write operation has been completed, the operating mode switches 
automatically to the verification mode, so the memory itself manages the write time using an 
internal circuit, and switches automatically into the verification mode once the write operation 
has been completed, thus producing the effect of simplifying the control of the write operations 
pertaining to write verifications. 

(2) As a result of (1), above, an effect is obtained wherein it is possible to write from a 
microprocessor, or the like, with the EPROM built into the system. 

(3) An effect is obtained wherein it is possible to prevent the degradation of the element 
characteristics due to excessive writing because it is possible to write using a so-called 
high-speed algorithm through the use of the structure that outputs a match/non-match signal 
after comparing data internally using the verification rpode described above. 
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(4) An effect is obtained whereby the throughput of the system can be increased because it is 
possible to devote the microprocessor to other data processing until the writing is completely 
finished because it is possible to eliminate the data comparison, in the verification mode, that 
uses the microprocessor, or the like. 

Although the invention created by the inventors has been explained in detail above, based on 
example embodiments, the present invention is not limited to the example embodiments described 
above, but, of course, can be modified in various ways insofar as it does not deviate from its intent. 
For example, as an EPROM, the structure may be one where in the readout signal during the 
verification mode is outputted to the outside. In such a case, an external microprocessor or writing 
device would perform the judgment as to whether or not [the readout data] matches the write data. 
Even in this structure, the settings of the write time, which consume a relatively long time, are 
performed internally, at least, making the writing from the microprocessor, or the like, easier. 

The setting of the auto verification mode can use a high voltage signal in, for example, the output 
enable signal {OE} or the address terminal, or can use the timing of the chip enable signal {CE} and 
the output enable signal {OE}, for example, using the timing of the signals such as judging the high 
level or the low level of the signal {CE} with the timing of the transition to the low level of the signal 
{OE}, or can use the various example embodiments where in a control terminal is simply added 
rather than using a high voltage at the chip enables signal {CE}, as described above. The use of th 
three-level input function or the signal timing, as described above, can prevent having to increase 
the number of control terminals resulting from the diversification of the operating modes. The page 
program mode may be used to write data in larger units, or, conversely, may be omitted. 

Redundant word/data lines can be equipped for the word/data lines in the memory array MARY in 
order to cover for word lines or data lines that have gone bad. 

The present invention can be applied similarly to a variety EEPROM's, wherein erasing is 
performed electrically, instead of to EPROM's, wherein writing is done electrically. These 
semiconductor memory devices may be built into a semiconductor integrated circuit device, such 
as in a single-chip microcomputer. 

(Effects of the Invention) 

The representative effects obtained by the invention disclosed in the present application are 
explained simply as follows: Not only is the write time for the memory, which is formed by laying out, 
in the form of a matrix, non-volatile memory elements where in the threshold voltages change 
according to the data that is written electrically, set according to a time signal that is produced by an 
internal circuit, but also when the write operation has been completed, the operating mode switch s 
automatically to the verification mode, so the memory itself manages the write time using an 
internal circuit, and switches automatically into the verification mode once the write operation has 
been completed, thus producing the effect of simplifying the control of the write operations 
pertaining to write verifications. 

4. Simple Explanation of Drawings 

Figure 1 is a block diagram showing an example embodiment of an EPROM to which the present 
invention is applied. 

Figure 2a is a timing chart for explaining from the first write cycle after setting the auto verification 
mode to the verification mode. 

Figure 2b is a timing chart for explaining the second write cycle and the verification mode. 
Figure 2c is a timing chart for explaining the additional write operations and the final operations. 
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Figure 3 is a circuit diagram showing an example embodiment of the command data latch. 
Figure 4 is a schematic block diagram of an example embodiment of a microcomputer system 
using an EPROM according to the present invention. 

Figure 5 is a circuit diagram showing an example embodiment of a data latch circuit used in page 
programming. 

Figure 6 is a circuit diagram showing an example embodiment of a high voltage detection circuit. 
Figure 7 is a timing chart showing another example embodiment of the present invention. 

MARY: Memory array 

ADB: Address buffer 

ADL: Address latch circuit 

LDC: Row decoder circuit 

CDC: Column decoder circuit 

CSG: Column select gate circuit 

SA: Sense amp 

PMC: Program circuit 

DL: Data latch circuit 

DOB: Data output buffer 

EOR: Data comparator circuit 

DIB: Data input buffer 

AVCNT: Auto verification control circuit 

RO; Ring oscillator 

PCTR: Frequency divider counter circuit 
CCTR: Output counter circuit 
CONT: Control circuit 

Representative: Mitsumasa Tokuwaka Patent Attorney 
Figure 1 
Figure 2a 

[FAR LEFT] Auto verification mode set 
[MIDDLE LEFT] Address and data latch 
[MIDDLE] Auto program (N) 
[MIDDLE RIGHT) Auto verification mode 
[FAR RIGHT] Auto verification 

Figure 2B 

[LEFT] Auto program (N2) 
[MIDDLE] Auto verification mode 
[RIGHT] Auto verification 

Figure 2C 

[LEFT] Over program (N1) 
[MIDDLE] Auto verification mode 
[RIGHT] Over program (N2) 

Figure 3 
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Figure 4 

[RIGHT] EPROM (auto verification) 
[BOTTOM] Bus (address/data/control) 

Figure 5 

Figure 6 

Figure 7 

[TOP] Auto verification mode set 
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